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(57) ABSTRACT 

A liquid crystal compound of Formula (1) is provided below: 

(1) 

L 

Q 

iii. 

Y, 

L2 F 

wherein R is hydrogen, linear or branching C1-15 alkyl, 
linear or branching C1-15 alkyl (wherein any one of CH2— 
is replaced by —O— —S—, —CO—, —CO-O-, or 
—O—CO ), linear or branching C2-15 alkenyl, or linear or 
branching C2-15 alkenyl (wherein any one of —CH2— is 
replaced by —O—, S , CO , CO—O—, or 
—O—CO—), A and B are, independently, cyclohexane, 
cyclohexane (wherein any one of —CH2— is replaced by 
—O— or NH ), benzene, or benzene (wherein any one of 
—CH2— is replaced by —N=), X is a single bond, —CO— 
O— —O—CO—, —CH2O— —OCH , —CH2CH2—, 
C=C , —C=C , —CFO—, or —OCF, , Q is oxy 

gen or CH, Y is CF, CFH, or CFH. L. L., and L are, 
independently, hydrogen or fluorine, and m is 0, 1, or 2. 

10 Claims, No Drawings 
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1. 

LIQUID CRYSTAL COMPOUNDS AND 
COMPOSITIONS AND LIQUID CRYSTAL 

DISPLAYS AND PHOTOELECTRIC DEVICES 
COMPRISING THE COMPOUNDS AND 

COMPOSITIONS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This Application claims priority of Taiwan Patent Appli 
cation No. 99145453, filed on Dec. 23, 2010, the entirety of 
which is incorporated by reference herein. 

BACKGROUND 

1. Field of the Invention 
The invention relates to a liquid crystal compound, and 

more particularly to a liquid crystal compound and composi 
tion capable of reducing driving Voltage and a liquid crystal 
display and photoelectric device comprising the compound 
and composition. 

2. Description of the Related Art 
The twisted nematic liquid crystal display (TN LCD) is 

especially suitable for flat panel display (FPD) applications. 
ATN LCD applied to a watch or a calculator only needs a tiny 
matrix fragment, for example, 88, but such conventional TN 
LCDs cannot be applied to the matrix fragment of thin film 
transistor (TFT) LCD, for example, a 1024*768. Although 
applications of TN LCDs have been enormously changed, 
however, its original advantages still have be maintained, 
Such as lightweight, Small size and low power consumption. 
The structure and operation of the LCD driven by thin film 
transistors can be found in U.S. Pat. No. 4,345,249. The 
development of TFT LCDs with fast switching have gradu 
ally replaced the cathode ray tube (CRT) and in order to 
improve contrast, chromatism, power consumption and view 
ing angle of LCDs, other Switch modes such as a vertical 
aligned (VA) mode or in-plane switch (IPS) mode, have also 
been gradually developed. Nowadays, CRTs have almost 
entirely been replaced by LCDs. 
The liquid crystal formulation suitable for use in LCDs 

preferably forms a liquid crystal phase between -40°C. and 
100° C. and the clearing point thereof is preferably, at least 
10°C. higher than the operation temperature. The actuation of 
liquid crystal molecules in a display is that, under an electric 
field, the direction of the liquid crystal molecules with dielec 
tric anisotropy will be altered to a new direction which is 
Vertical to the original liquid crystal direction after a Voltage 
is applied thereto. For example, after applying a driving Volt 
age, under an electric field, the axis direction of the positive 
nematic liquid crystal molecules commonly utilized in the 
TN mode or IPS mode will be parallel to the direction of the 
electric field. Contrary to the positive nematic liquid crystal 
molecules, the axis direction of the negative nematic liquid 
crystal molecules commonly utilized in the VA mode will be 
vertical to the direction of the electric field. According to the 
formula, Vth (K/eoAe)', the driving voltage of LCDs 
is affected by the polarity or elastic constant of a liquid crystal 
molecules, wherein, the higher the polarity (AS) or the less 
the splay elastic constant (K), the less the driving Voltage. 
The liquid crystal formulation is formulated by liquid crystal 
monomers and the above-mentioned characteristics are all 
determined by the framework, substituent, molecular length 
and other construction characters of the liquid crystal mol 
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2 
ecules. The liquid crystal monomers with various weight 
percentages are formulated into appropriate liquid crystal 
formulations for an LCD. 

SUMMARY 

One embodiment of the invention provides a liquid crystal 
compound of Formula (1): 

(1) 

L 

Q 

iii. 

Y, 

L2 F 

wherein: 

R is hydrogen, linear or branching C1-15 alkyl, linear or 
branching C1-15 alkyl (wherein any one of —CH2— is 
replaced by —O—, S , CO , CO—O—, or 
—O—CO ), linear or branching C2-15 alkenyl, or linear or 
branching C2-15 alkenyl (wherein any one of —CH2— is 
replaced by —O—, S , CO , CO—O—, or 
—O—CO—); A and B are, independently, cyclohexane, 
cyclohexane (wherein any one of —CH2— is replaced by 
—O— or NH ), benzene, or benzene (wherein any one of 
—CH2— is replaced by —N=); X is a single bond, —CO— 
O— —O—CO—, —CH2O— —OCH , —CH2CH2—, 
C=C , —CFO , or—OCF. : Q is oxygen or CHY 

is CF, CFH, or CFH. L. L., and L are, independently, 
hydrogen or fluorine; and m is 0, 1, or 2. 
The present liquid crystal compound conducted with, for 

example, a trifluoromethyl ethylenyl group, to the terminal 
benzene ring thereof, minimizes the splay elastic constant 
(K), and conducted with, for example, fluorine atoms, to a 
side group thereof, maximizes dielectric anisotropy (A6) and 
further effectively decreases driving voltage. 
The present liquid crystal compound with, for example, a 

wide nematic liquid crystal phase temperature range, low 
Viscosity, a low driving Voltage and fast Switching, is appro 
priate to be applied to transmissive, reflective and transflec 
tive LCDs and TN, IPS and VA drive modes, decreasing 
Viscosity of a liquid crystal layer and effectively improving 
the functions of current LCDs. 

One embodiment of the invention provides a liquid crystal 
display, comprising: an upper Substrate; a lower Substrate 
opposite to the upper Substrate; and a liquid crystal layer 
comprising the disclosed liquid crystal compound of Formula 
(1) disposed between the upper substrate and the lower sub 
Strate. 

One embodiment of the invention provides a photoelectric 
device, comprising: the disclosed liquid crystal display (with 
a liquid crystal layer comprising the disclosed liquid crystal 
compound of Formula (1)); and an electronic component 
connected with the liquid crystal display. 
One embodiment of the invention provides a liquid crystal 

composition, comprising: a first liquid crystal compound of 
Formula (1): 
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(1) 

L 

Q 

iii. 

Y, 

L2 F 

wherein 
R is hydrogen, linear or branching C1-15 alkyl, linear or 

branching C1-15 alkyl (wherein any one of —CH2— is 
replaced by —O—, S—, CO , CO—O—, or 
—O CO ), linear or branching C2-15 alkenyl, or linear or 
branching C2-15 alkenyl (wherein any one of —CH2— is 
replaced by —O—, S—, CO , CO—O—, or 
—O—CO—), A and B are, independently, cyclohexane, 
cyclohexane (wherein any one of —CH2— is replaced by 
—O— or NH ), benzene, or benzene (wherein any one of 
—CH2— is replaced by —N=), X is a single bond, —CO— 
O— —O—CO—, —CH2O— —OCH , —CH2CH2—, 
C=C , —C=—, —CFO-, or—OCF. , Qis oxygen 

or CH, Y is CF, CFH, or CFH. L. L., and L are, inde 
pendently, hydrogen or fluorine, and m is 0, 1, or 2; and a 
second liquid crystal compound of one of the Formulas (2)- 
(4): 

(2) 

pi (3) 

F 

pi (4) 

F 

pi F 

wherein 
R is hydrogen, linear or branching C1-15 alkyl, linear or 

branching C1-15 alkyl (wherein any one of —CH2— is 
replaced by —O—, S—, CO , CO—O—, or 
—O CO ), linear or branching C2-15 alkenyl, or linear or 
branching C2-15 alkenyl (wherein any one of —CH2— is 
replaced by —O—, S—, CO , CO—O—, or 
—O—CO—), A and B are, independently, cyclohexane, 
cyclohexane (wherein any one of —CH2— is replaced by 
—O— or—NH ), cyclohexane (wherein any one of hydro 
gen is replaced by fluorine), benzene, benzene (wherein any 
one of CH= is replaced by N=), or benzene (wherein 
any one of hydrogen is replaced by fluorine), Z and Z are, 
independently, a single bond, —CO-O-, -O-CO—, 
—CH2O— —OCH2—, —CH2CH2—, —C=C , 
C=C , —CFO , or —OCF, , R' is fluorine, chlo 
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4 
rine, CF. OCF, hydrogen, linear or branching C1-15 alkyl, 
linear or branching C1-15 alkyl (wherein any one of CH 
is replaced by —O— —S—, —CO—, —CO-O-, or 
—O—CO ), linear or branching C2-15 alkenyl, or linear or 
branching C2-15 alkenyl (wherein any one of —CH2— is 
replaced by —O—, S , CO , CO—O—, or 
—O—CO—), and n is 0, 1, or 2. 
One embodiment of the invention provides a liquid crystal 

display, comprising: an upper Substrate; a lower Substrate 
opposite to the upper Substrate; and a liquid crystal layer 
comprising the disclosed liquid crystal composition disposed 
between the upper substrate and the lower substrate. 
One embodiment of the invention provides a photoelectric 

device, comprising: the disclosed liquid crystal display (with 
a liquid crystal layer comprising the disclosed liquid crystal 
composition); and an electronic component connected with 
the liquid crystal display. 
A detailed description is given in the following embodi 

mentS. 

DETAILED DESCRIPTION 

The following description is of the best-contemplated 
mode of carrying out the invention. This description is made 
for the purpose of illustrating the general principles of the 
invention and should not be taken in a limiting sense. The 
scope of the invention is best determined by reference to the 
appended claims. 
One embodiment of the invention provides a liquid crystal 

compound of Formula (1). 

(1) 

L 

Q 

iii. 

Y 

L2 F 

In Formula (1), R may be hydrogen, linear or branching 
C1-15 alkyl, linear or branching C1-15 alkyl (wherein any 
one of CH2—may be replaced by —O— —S , —CO—, 
—CO—O—, or —O—CO ), linear or branching C2-15 
alkenyl, or linear or branching C2-15 alkenyl (wherein any 
one of CH - may be replaced by —O— —S , —CO—, 
—CO—O—, or —O CO ). R may be chiral. 
A and B may be, independently, cyclohexane, cyclohexane 

(wherein any one of —CH2— may be replaced by —O— or 
—NH ), benzene, or benzene (wherein any one of CH2— 
may be replaced by —N—). 
X may be a single bond, —CO-O-, -O-CO—, 

—CHO— —OCH , —CHCH , —C=C-, 
C=C , —CFO , or —OCF 
Q may be oxygen or CH2. 
Y may be CF, CFH, or CFH. 
L. L., and L. may be, independently, hydrogen or fluorine. 
m may be 0, 1, or 2. 
Specific liquid crystal compounds of the invention are dis 

closed as follows. 



US 8,460,766 B2 
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-O-(- CFO 
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CFO 
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( ) ( ) CFO 
CF 
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-continued 
F 

CF 

F 

In the foregoing specific liquid crystal compounds, R may 
also be chiral. 
The present liquid crystal compound conducted with, for 

example, a trifluoromethyl ethylenyl group, to the terminal 
benzene ring thereof, minimizes the splay elastic constant 
(K), and conducted with, for example, fluorine atoms, to a 
side group thereof, maximizes dielectric anisotropy (A6) and 
further effectively decreases driving voltage. 
The present liquid crystal compound with, for example, a 

wide nematic liquid crystal phase temperature range, low 
Viscosity, a low driving Voltage and fast Switching, is appro 
priate to be applied to transmissive, reflective and transflec 
tive LCDs and TN, IPS and VA drive modes, decreasing 
Viscosity of a liquid crystal layer and effectively improving 
the functions of current LCDs. 
One embodiment of the invention provides a liquid crystal 

display comprising an upper Substrate, a lower Substrate 
opposite to the upper Substrate, and a liquid crystal layer 
comprising the disclosed liquid crystal compound of Formula 
(1) disposed between the upper substrate and the lower sub 
Strate. 

In an embodiment, the upper and lower Substrates may be 
a color filter substrate, an array substrate, an array on color 
filter substrate (AOC), a color filter on array substrate (COA) 
or a transparent Substrate, for example, a glass Substrate or a 
plastic Substrate. 
One embodiment of the invention provides a photoelectric 

device comprising the disclosed liquid crystal display (with a 
liquid crystal layer comprising the disclosed liquid crystal 
compound of Formula (1)), and an electronic component 
connected with the liquid crystal display. 
The electronic component connected with the liquid crys 

tal display may comprise control components, operating 
components, processing components, input components, 
memory components, drive components, light emitting com 
ponents, protection components or a combination thereof. 
The disclosed photoelectric device may comprise portable 

products (such as mobile phones, video cameras, cameras, 
notebook computers, game consoles, watches, music players, 
electronic mail transceivers, map navigation systems or simi 
lar products), audio-visual products (such as audio-visual 
players or similar products), Screens, televisions, billboards 
or projectors. 
One embodiment of the invention provides a liquid crystal 

composition comprising a first liquid crystal compound of 
Formula (1) and a second liquid crystal compound of one of 
the Formulas (2)-(4). 

(1) 

L1 

Q 

iii. 

Y 

L2 F 
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-continued 
(2) 

R Z K)- Z2 -()– R 
(3) 

F 

R Z K)- Z2 - - R 
(4) 

F 

R Z K)- Z2 -(- R 
F 

In Formula (1), R may be hydrogen, linear or branching 
C1-15 alkyl, linear or branching C1-15 alkyl (wherein any 
one of CH2—may be replaced by —O— —S , —CO—, 
—CO—O—, or —O CO ), linear or branching C2-15 
alkenyl, or linear or branching C2-15 alkenyl (wherein any 
one of CH2—may be replaced by —O— —S , —CO—, 
—CO—O—, or —O CO ). R may be chiral. 
A and B may be, independently, cyclohexane, cyclohexane 

(wherein any one of —CH2— may be replaced by —O— or 
—NH ), benzene, or benzene (wherein any one of CH2— 
may be replaced by —N—). 
X may be a single bond, —CO-O-, -O-CO—, 

Y may be CF, CFH, or CFH. 
L. L., and L. may be, independently, hydrogen or fluorine. 
m may be 0, 1, or 2. 
In Formulas (2)-(4), R may be hydrogen, linear or branch 

ing C1-15 alkyl, linear or branching C1-15 alkyl (wherein any 
one of CH2—may be replaced by —O— —S , —CO—, 
—CO—O—, or —O CO ), linear or branching C2-15 
alkenyl, or linear or branching C2-15 alkenyl (wherein any 
one of CH2—may be replaced by —O— —S——CO—, 
—CO—O—, or —O CO ). R may be chiral. 
A and B may be, independently, cyclohexane, cyclohexane 

(wherein any one of —CH2— may be replaced by —O— or 
—NH ), cyclohexane (wherein any one of hydrogen may be 
replaced by fluorine), benzene, benzene (wherein any one of 
—CH2— may be replaced by N—), or benzene (wherein 
any one of hydrogen may be replaced by fluorine). 
Z and Z may be, independently, a single bond, —CO— 

O— —O—CO—, —CHO— —OCH , —CHCH . 
C—C , —C=C , —CFO , or —OCF 
R" may be fluorine, chlorine, CF. OCF, hydrogen, linear 

or branching C1-15 alkyl, linear or branching C1-15 alkyl 
(wherein any one of —CH2— may be replaced by —O—, 
S , —CO—, —CO O—, or —O—CO ), linear or 

branching C2-15 alkenyl, or linear or branching C2-15 alk 
enyl (wherein any one of —CH2— may be replaced by 
O— —S , —CO—, —CO-O-, or —O—CO—). 
n may be 0, 1, or 2. 
The foregoing specific second liquid crystal compounds 

are disclosed as follows, as shown in Formulas (5)-(17). 
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(5) 

ru ( )-() is 
ru ( )-() is 

F 

R-( )-( )-()–: 
F 

(10) 

F (11) 

F 

(6) 

(7) 

(8) 

(9) 

(12) 

(13) 

(14) 

(15) 
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-continued 

-O-O- 
-O-O- 
In the foregoing specific second liquid crystal compounds, 

R1 may also be chiral. 

(16) 

(17) 

One embodiment of the invention provides a liquid crystal 
display comprising an upper Substrate, a lower Substrate 
opposite to the upper Substrate, and a liquid crystal layer 
comprising the disclosed liquid crystal composition disposed 
between the upper substrate and the lower substrate. 

In an embodiment, the upper and lower Substrates may be 
a color filter Substrate, an array Substrate, an array on color 
filter substrate (AOC), a color filter on array substrate (COA) 
or a transparent Substrate, for example, a glass Substrate or a 
plastic Substrate. 
One embodiment of the invention provides a photoelectric 

device comprising the disclosed liquid crystal display (with a 
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25 

30 

10 
liquid crystal layer comprising the disclosed liquid crystal 
composition), and an electronic component connected with 
the liquid crystal display. 
The electronic component connected with the liquid crys 

tal display may comprise control components, operating 
components, processing components, input components, 
memory components, drive components, light emitting com 
ponents, protection components or a combination thereof. 
The disclosed photoelectric device may comprise portable 

products (such as mobile phones, video cameras, cameras, 
notebook computers, game consoles, watches, music players, 
electronic mail transceivers, map navigation systems or simi 
lar products), audio-visual products (such as audio-visual 
players or similar products), Screens, televisions, billboards 
or projectors. 

EXAMPLES 

The raw material, solvent and silica gel utilized in column 
chromatography required by organic synthesis were pur 
chased from various chemical Suppliers, for example, Affa 
(Lancaster), TCI, Aldrich, Acros and Merck. 
The synthesis methods are shown in following Examples. 

A series of compounds were synthesized in about 2-5 steps in 
accordance with common organic reactions. 
Compound spectrums and electrical and physical proper 

ties of a liquid crystal formulation were measured by a 
BRUKERAVANCE DRX-400 NMR, LC Vision LCAS (I), 
autronic-MELCHERS GmbH DMS 803, Abbe refraction 
meter, TA Q10 DSC thermal differential scanning calorim 
eter, Olympus Mx40 polarizing microscope or other related 
machines. 

Reference may be made to Table 1, concerning the corre 
sponding structures of the codes of the liquid crystal com 
pounds mentioned in the following Examples. 

TABLE 1 

Codes Formulas 

3HBB(F)VTF R = n-CH7 

CF 

F 
(18) 

5OBB(F)VTF R = —OCH 

CF 

F 
(19) 

3HBB(FF)VTF F R = n-CH7 

CF 

F 
(20) 

3HB(FF)CF2O F R = n-CH7 
B(FF)KTF 

F 

O 

R CFO 

CF 

F 
(21) 





Codes 

R1 

13 
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TABLE 1-continued 

Formulas 

CF 

F 

F 

Y 

R-(-)-( )—K) CF 
F 

O 
-O- 

The ratios mentioned in the following Examples are 
defined as “weight percentage'. 

Example 1 
Synthesis of the Present Liquid Crystal Compounds 

(Formulas (18) and (19)) 

R B n-BuLi 
CFCOE, 

N 

F 

R 

Y 

CFO 

F. 

Y 

CFO 

50 

CF 

F 

C 

C 

F 

F 

F. 

F 

CHPPhiBr 

14 

R = CH=CH 
R2 = CH3 

---- 
t-BuOK 
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A commercial starting material was placed in a dried reac 
tion flask. Dried THF as a solvent was added to the flask. 
N-butyl lithium was added to the flask under an ice bath with 
stirring. After 30 minutes, CFCOEt was added to the flask 
dropwise to form a first solution. The first solution was 
reacted at a low temperature for 15 minutes and then reacted 
under room temperature for 4 hours. Saturated Saline was 
added to the first solution to quench the reaction. The first 
Solution was extracted with ether as a solvent to separate an 
organic phase. The organic phase was dried by adding dried 
magnesium Sulfate. After removal of solvent, a crude product 
was obtained. The crude product was recrystallized by adding 
n-hexane thereto to form an intermediate. Methyltriph 
enylphosphonium bromide, dried THF and potassium t-bu 
toxide were added to another reaction flaskin order under an 
ice bath with stirring for 30 minutes. The previously formed 
intermediate was added to this flask to react for 1 hour to form 
a second solution. After removal of the ice bath, the second 
Solution was reacted under room temperature for 2 hours. 
After the reaction was completed, the second solution was 
extracted with Saturated Saline and n-hexane to separate an 
organic phase. The organic phase was then dried. After 
removal of solvent, a crude product was obtained. After the 
crude product was purified by chromatography with a small 
quantity of silica gel using n-hexane as an elution, liquid 
crystal compounds (Formulas (18) and (19)) were obtained 
with a yield of about 40-50%. 

Example 2 

Synthesis of the Present Liquid Crystal Compound 
(Formula (20)) 

n-BuLi 

B(OMe)3 
CH7 -e- 

then HCI 

F 

Br 

F 

ci-()-KX-( ) 
F 

F 

CF 

F 

A commercial starting material was placed in a dried reac 
tion flask. Dried THF as a solvent was added to the flask. 
N-butyl lithium was added to the flask under an ice bath with 
stirring. After 30 minutes, trimethylborate was added to the 

n-BuLi CHPPhiBr 
Es. His 

CFCOEt t-BuOK 
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16 
flask and then reacted for 2 hours under room temperature 
with stirring to form a first solution. 6.Nhydrochloric acid was 
added to the first solution to quench the reaction. The first 
Solution was continuously stirred for 4 hours under room 
temperature. The first solution was extracted with saturated 
saline and a large quantity of ether to separate an organic 
phase. After removal of Solvent from the organic phase, a 
crude product was obtained. The crude product was recrys 
tallized by adding ether/n-hexane to form a boric acid inter 
mediate. The boric acid intermediate, bromide, sodium car 
bonate, tetrakis(triphenylphosphine)palladium (Pd(PPh)), 
1,2-dimethoxyethane (DME) and deionized water were 
added to a reaction flaskin order for conduction with nitrogen 
gas and then reacted at 70° C. with stirring for 8 hours to form 
a resulting solution. The resulting Solution was filtered by 
celite to remove the solid portion. The solution portion was 
then extracted with n-hexane and saturated Saline to separate 
an organic phase. The organic phase was then dried. After 
removal of Solvent, the organic phase was recrystallized by 
adding methanol thereto to form a pure intermediate, 3.5- 
difluoro-4-(4-propylcyclohexyl)biphenyl. The pure interme 
diate and dried THF as a solvent were added to a reaction 
flask. N-butyl lithium was added to the flask under an ice bath 
with stirring. After 30 minutes, CFCOEt was added to the 
flask dropwise to form a second Solution. The second solution 
was reacted at a low temperature for 15 minutes and then 
reacted under room temperature for 4 hours. Saturated saline 
was added to the second solution to quench the reaction. The 
second solution was extracted with ether as a solvent to sepa 
rate an organic phase. The organic phase was dried by adding 
dried magnesium Sulfate. After removal of solvent, a crude 
product was obtained. The crude product was recrystallized 
by adding n-hexane thereto to form an intermediate. Methyl 
triphenylphosphonium bromide, dried THF and potassium 
t-butoxide were added to another reaction flaskin order under 
an ice bath with stirring for 30 minutes. The previously 
formed intermediate was added to this flask to react for 1 hour 
to formathird solution. After removal of the ice bath, the third 
Solution was reacted under room temperature for 2 hours. 
After the reaction was completed, the third solution was 
extracted with Saturated Saline and n-hexane to separate an 
organic phase. The organic phase was then dried. After 
removal of solvent, a crude product was obtained. After the 
crude product was purified by chromatography with a small 
quantity of silica gel using n-hexane as an elution, a liquid 
crystal compound (Formula (20)) was obtained with a yield of 
about 15-20%. 

Example 3 

Synthesis of the Present Liquid Crystal Compound 
(Formula (21)) 

n-BuLi 
CH7 Crp, 
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-continued 
F 

F HO 

CH7 CF.Br. --> 
K2CO3 

F 

F F 

n-BuLi 
CH7 CFO CFCOE, 

F F 

F F 

O 

CH7 CFO 

CF 
F F 

A commercial starting material was placed in a dried reac 
tion flask. Dried THF as a solvent was added to the flask. 
N-butyl lithium was added to the flask under an ice bath. 
CFBr. was then added to the flask dropwise with stirring for 
30 minutes and then reacted for 2 hours under room tempera 
ture to form a first solution. Saturated saline was added to the 
first solution to quench the reaction. The first solution was 
extracted with ether as a solvent to separate an organic phase. 
The organic phase was dried by adding dried magnesium 
sulfate. After removal of solvent, a crude product, 2-(bro 
modifluoromethyl)-1,3-difluoro-5-(4-propylcyclohexyl) 
benzene, was obtained. The crude product was recrystallized 
by adding n-hexane thereto to form an intermediate. The 
intermediate, the crude product, a proper quantity of DMF 
solvent, KCO and commercial 3,5-difluoro phenol were 
added to another reaction flask and reacted with thermal 
reflux for 2 hours to form a resulting solution. Water was 
added to the resulting solution to quench the reaction. The 
resulting solution was extracted with ether to form a crude 
product. The crude product was recrystallized by adding 
methanol thereto to form an intermediate. The intermediate 
and dried THF as a solvent were added to a reaction flask. 
N-butyl lithium was added to the flask under an ice bath with 
stirring. After 30 minutes, CFCOEt was added to the flask 
dropwise to form a second solution. The second solution was 
reacted at a low temperature for 15 minutes and then reacted 
under room temperature for 4 hours. Saturated Saline was 
added to the second solution to quench the reaction. The 
second solution was extracted with ether as a solvent to sepa 
rate an organic phase. The organic phase was dried by adding 
dried magnesium sulfate. After removal of solvent, a crude 
product was obtained. The crude product was purified by 
chromatography with a small quantity of silica gel using 
n-hexane as an elution, a liquid crystal compound (Formula 
(21)) was obtained with a yield of about 10-15%. 
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Example 4 

Synthesis of the Present Liquid Crystal Compound 
(Formula (22)) 

F F 

CHPPhiB CH7 CFO 3T3 
t-BuOK 

CF 
F F 

F F 

O 

CH7 CFO 

CF 
F F 

The liquid crystal compound (Formula (21)), methyltriph 
enylphosphonium bromide, dried THF and potassium t-bu 
toxide were added to a reaction flaskin orderunder an ice bath 
with stirring for 30 minutes to form a first solution. After 
removal of the ice bath, the first solution was reacted under 
room temperature for 2 hours. After the reaction was com 
pleted, the first solution was extracted with saturated saline 
and n-hexane to separate an organic phase. The organic phase 
was then dried. After removal of solvent, a crude product was 
obtained. After the crude product was purified by chromatog 
raphy with a small quantity of silica gel using n-hexane as an 
elution, a liquid crystal compound (Formula (22)) was 
obtained with a yield of about 40-50%. 

Comparative Example 1 

Preparation of Conventional Liquid Crystal 
Composition 

Commercial liquid crystal compounds were formulated 
with various weight percentages to form a liquid crystal com 
position (formulation). For the liquid crystal composition, the 
structure codes and weight percentages of the liquid crystal 
compounds were as shown in Table 1a. The performance of 
the liquid crystal composition is shown in Table 1b. 
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TABLE 1b. 

Clearing point 83.6 
Ae 6.99 
Rotational 17 
viscosity 
with 1.21 

Example 5 

Preparation of the Present Liquid Crystal 
Composition 1 

The present liquid crystal compound with the structure 
code of 5OBB(F)VTF was added to the liquid crystal com 
position prepared from the Comparative Example 1 to form a 
liquid crystal composition. For the liquid crystal composi 
tion, the structure codes and weight percentages of the liquid 
crystal compounds were as shown in Table 2a. The perfor 
mance of the liquid crystal composition is shown in Table 2b. 

Clearing point 68.2 
Ae 6.5 
Rotational 19 
viscosity 
with 1.2 

Example 6 

Preparation of the Present Liquid Crystal 
Composition 2 

The present liquid crystal compound with the structure 
code of 3HBB(F)VTF was added to the liquid crystal com 
position prepared from the Comparative Example 1 to form a 
liquid crystal composition. For the liquid crystal composi 
tion, the structure codes and weight percentages of the liquid 
crystal compounds were as shown in Table 3a. The perfor 
mance of the liquid crystal composition is shown in Table 3b. 

TABLE 3a 

Codes Content (%) 

SHBF 6.8 
3HBEB(FF)F 2.3 
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TABLE 3a-continued 

Codes Content (%) 

4HBEB(FF)F 1.8 
3HHEB(FF)F S.6 
3HHB(FF)F 4.4 
3HBB(FF)F 8.6 
5HBB(FF)F 8.7 
4HHB(FF)F 4.7 
SHHB(FF)F 4.1 
3HBB(F)F 4.2 
3HH2B(FF)F 8.8 
3HHB(F)F 8.6 
3HHV 8.9 
1BHHV 8.2 

2BB(F)B3 4.3 
3HBB(F)VTF 1O.O 

TABLE 3b 

Clearing point 82.7 
Ae 6.74 
Rotational 19 
viscosity 
with 1.14 

Example 7 

Preparation of the Present Liquid Crystal 
Composition 3 

The present liquid crystal compound with the structure 
code of 3HBB(FF)VTF was added to the liquid crystal com 
position prepared from the Comparative Example 1 to form a 
liquid crystal composition. For the liquid crystal composi 
tion, the structure codes and weight percentages of the liquid 
crystal compounds were as shown in Table 4a. The perfor 
mance of the liquid crystal composition is shown in Table 4b. 

Clearing point 76.6 
Ae 6.74 
Rotational 2O 
viscosity 
with 1.06 
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Example 8 

Preparation of the Present Liquid Crystal 
Composition 4 

The present liquid crystal compound (10%) with the struc 
ture code of 3HB(FF)CF2OB(FF)KTF was added to the liq 
uid crystal composition prepared from the Comparative 
Example 1 to form a liquid crystal composition. For the liquid 
crystal composition, the structure codes and weight percent- 10 
ages of the liquid crystal compounds were as shown in Table 
5a. The performance of the liquid crystal composition is 
shown in Table 5b. 

Clearing point 72.O 
Ae 7.38 
Rotational 2O 
viscosity 
with O.84 

Example 9 

Preparation of the Present Liquid Crystal 
Composition 5 

The present liquid crystal compound (5%) with the struc 
ture code of 3HB(FF)CF2OB(FF)KTF was added to the liq 
uid crystal composition prepared from the Comparative 
Example 1 to form a liquid crystal composition. For the liquid 
crystal composition, the structure codes and weight percent 
ages of the liquid crystal compounds were as shown in Table 
6a. The performance of the liquid crystal composition is 
shown in Table 6b. 

TABLE 6a 

Codes Content (%) 

SHBF 6.8 
3HBEB(FF)F 2.3 
4HBEB(FF)F 1.8 
3HHEB(FF)F S.6 
3HHB(FF)F 4.4 
3HBB(FF)F 8.6 
5HBB(FF)F 8.7 
4HHB(FF)F 4.7 
SHHB(FF)F 4.1 
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TABLE 6a-continued 

Codes Content (%) 

3HBB(F)F 4.2 
3HH2B(FF)F 8.8 
3HHB(F)F 8.6 
3HHV 8.9 
1BHHV 8.2 
2BB(F)B3 4.3 
3HB(FF)CF2OB(FF)KTF S.O 

TABLE 6b 

Clearing point 78.2 
Ae 7.OO 
Rotational 19 
viscosity 
with O.88 

Example 10 

Preparation of the Present Liquid Crystal 
Composition 6 

The present liquid crystal compound (10%) with the struc 
ture code of 3HB(FF)CF2OB(FF)VTF was added to the liq 
uid crystal composition prepared from the Comparative 
Example 1 to formaliquid crystal composition. For the liquid 
crystal composition, the structure codes and weight percent 
ages of the liquid crystal compounds were as shown in Table 
7a. The performance of the liquid crystal composition is 
shown in Table 7b. 

Clearing point 71.1 
Ae 6.41 
Rotational 2O 
viscosity 
with 0.97 

Example 11 

Preparation of the Present Liquid Crystal 
Composition 7 

The present liquid crystal compound (5%) with the struc 
ture code of 3HB(FF)CF2OB(FF)VTF was added to the liq 
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uid crystal composition prepared from the Comparative 
Example 1 to form a liquid crystal composition. For the liquid 
crystal composition, the structure codes and weight percent 
ages of the liquid crystal compounds were as shown in Table 
8a. The performance of the liquid crystal composition is 
shown in Table 8b. 

Clearing point 77.4 
Ae 6.48 
Rotational 19 
viscosity 
with 1.02 

While the invention has been described by way of example 
and in terms of preferred embodiment, it is to be understood 
that the invention is not limited thereto. To the contrary, it is 
intended to cover various modifications and similar arrange 
ments (as would be apparent to those skilled in the art). 
Therefore, the scope of the appended claims should be 
accorded the broadest interpretation so as to encompass all 
Such modifications and similar arrangements. 

What is claimed is: 
1. A liquid crystal compound of Formula (1): 

(1) 

L1 

Q 

iii. 

Y, 

L2 F 

wherein 
R is hydrogen, linear or branching C1-15 alkyl, linear or 

branching C1-15 alkyl (wherein any one of —CH2— is 
replaced by —O— —S , —CO—, —CO-O-, or 
—O—CO ), linear or branching C2-15 alkenyl, or 
linear or branching C2-15 alkenyl (wherein any one of 
—CH2— is replaced by —O— —S—, —CO—, 
—CO—O—, or —O CO ); 

A and B are, independently, cyclohexane, cyclohexane 
(wherein any one of —CH2— is replaced by —O— or 
—NH ), benzene, or benzene (wherein any one of 
—CH2— is replaced by N=); 
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when Q is CH, X is a single bond, —CO-O-, 

O—CO , —CHO— —OCH , —CHCH . 
C=C , —C=C , —CFO or —OCF, , when 

Q is oxygen, X is —CFO— or —OCF : 
Y is CF, CFH, or CFH: 
L. L. and L are, independently, hydrogen or fluorine; 

and 

m is 0, 1, or 2. 
2. The liquid crystal compound as claimed in claim 1, 

wherein the liquid crystal compound comprises 

CFO 

CF, 

CFO 

CF, 

F 

R CFO 

CF3, 
F 

F F 

O 

R CFO 

CF, 

F F 

F F 

O 

i-K) ( )—cio CF, 

F F 

F F 

i-K) ( )—cio CF3, 
F F 

F F 

R-()–() ( ) CF3, 
F F 



US 8,460,766 B2 
25 

-continued 

10 

15 

3. A liquid crystal composition, comprising: 

F F 

F 

CF, R Z1 (e) Z2 R 
F F pi 

F (4) 

CF, or 

F 

F 

CF. 
F 

a first liquid crystal compound of Formula (1): 25 

(1) 

L1 L3 30 

Q 

Y, 
35 

L2 F 

wherein 

R is hydrogen, linear or branching C1-15 alkyl, linear or 40 
branching C1-15 alkyl (wherein any one of —CH2— is 
replaced by —O— —S , —CO—, —CO-O-, or 
—O—CO ), linear or branching C2-15 alkenyl, or 
linear or branching C2-15 alkenyl (wherein any one of 
—CH2— is replaced by —O— —S , —CO—, 45 
—CO-O-, or —O—CO—), A and B are, indepen 
dently, cyclohexane, cyclohexane (wherein any one of 
—CH2—is replaced by —O—or—NH-), benzene, or 
benzene (wherein any one of —CH2— is replaced by 
—N—), when Q is CH, X is a single bond, —CO— 50 
O—, O CO , CHO , OCH , 
CH2CH2—, —C=C , —CFO— or —OCF, , 

when Q is oxygen, X is —CFO - or —OCF, , Y is 
CF, CFH, or CFH. L. L., and L are, independently, 55 
hydrogen or fluorine, and m is 0, 1, or 2; and 

a second liquid crystal compound of one of the Formulas 
(2)-(4): 

60 

26 
-continued 

(3) 

F 

i-K)--(-)-. R", pi 

F 

wherein 

R is hydrogen, linear or branching C1-15 alkyl, linear or 
branching C1-15 alkyl (wherein any one of —CH2— is 
replaced by —O— —S , —CO—, —CO-O-, or 
—O—CO ), linear or branching C2-15 alkenyl, or 
linear or branching C2-15 alkenyl (wherein any one of 
—CH2— is replaced by —O— —S , —CO—, 
—CO-O-, or —O—CO—), A and B are, indepen 
dently, cyclohexane, cyclohexane (wherein any one of 
—CH2—is replaced by —O— or —NH-), cyclohex 
ane (wherein any one of hydrogen is replaced by fluo 
rine), benzene, benzene (wherein any one of CH2=is 
replaced by —N—), or benzene (wherein any one of 
hydrogen is replaced by fluorine), Z and Z are, inde 
pendently, a single bond, —CO-O-, -O-CO—, 
—CHO— —OCH , —CH2CH2—, —C=C-, 
C=C , —CFO , or —OCF, , R is fluorine, 

chlorine, CF. OCF, hydrogen, linear or branching 
C1-15 alkyl, linear or branching C1-15 alkyl (wherein 
any one of —CH2— is replaced by —O— —S-, 
CO , CO-O-, or —O CO ), linear or 

branching C2-15 alkenyl, or linear or branching C2-15 
alkenyl (wherein any one of —CH2— is replaced by 
O—, S—, CO , CO—O—, or 

—O—CO—), and n is 0, 1, or 2. 
4. The liquid crystal composition as claimed in claim 3, 

wherein the second liquid crystal compound has one of For 
mulas (5)-(17): 

(5) 

all ()-O) is 
ru ( )-( ) is 

(7) 

al-O-O-( ) is 
(8) 

F 

(6) 
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-continued wherein 

(9) R1 is hydrogen, linear or branching C1-10 alkyl, linear or 
R1 R2 branching C1-10 alkyl (wherein any one of —CH2— is 

5 replaced by —O— —S , —CO—, —CO-O-, or 
—O—CO ), linear or branching C2-10 alkenyl, or 
linear or branching C2-10 alkenyl (wherein any one of 
—CH2— is replaced by —O— —S—, —CO—, 
CO-O-, or —O CO ), Z is —CO O—, 

R1 III. I. ... I IR2 10 O—CO—, —CH2O— —OCH2—, —CH2CH2—, 

C=C , —C=C , —CFO-, or —OCF, , and 
F R2 is fluorine, hydrogen, linear or branching C1-10 

(11) alkyl, linear or branching C1-10 alkyl (wherein any one 
F 15 of —CH2— is replaced by —O— —S , —CO—, 

—CO-O-, or —O—CO—), linear or branching 
al-O- F C2-10 alkenyl, or linear or branching C2-10 alkenyl 

(wherein any one of —CH2— is replaced by —O—, 
(12) S , —CO , —CO O—, or —O CO ). 

F 

(10) 

F 

5. A liquid crystal display, comprising: 

al-O- ( ) ( ) F an upper Substrate; 
a lower Substrate opposite to the upper Substrate; and 

(13) 25 a liquid crystal layer comprising a liquid crystal compound 
as claimed in claim 1 disposed between the upper Sub F 

strate and the lower substrate. 

R-O-O-, F 6. A liquid crystal display, comprising: 
30 

(14) an upper Substrate; 
F a lower substrate opposite to the upper substrate; and 

a liquid crystal layer comprising a liquid crystal composi 
R1 III F 35 tion as claimed in claim 3 disposed between the upper 

Substrate and the lower substrate. 

F 7. A photoelectric device, comprising: 
15 
(15) a liquid crystal display as claimed in claim 5; and F 

40 an electronic component connected with the liquid crystal 

al-O- ( ) ( ) F display. 8. The photoelectric device as claimed in claim 7, wherein 
F the electronic component comprises control components, 

operating components, processing components, input com 
ponents, memory components, drive components, light emit 

F ting components, protection components or a combination 
thereof. 

al-O-O-, F 50 9. A photoelectric device, comprising: 

F 

(16) 45 

a liquid crystal display as claimed in claim 6; and 
an electronic component connected with the liquid crystal 

display. 
F ss 10. The photoelectric device as claimed in claim 9, wherein 

the electronic component comprises control components, 
R1 III. Z F operating components, processing components, input com 

ponents, memory components, drive components, light emit 

F 
ting components, protection components or a combination 

60 thereof. 

(17) 


